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CABIN PRESSURE CONTROL SYSTEM AND 
METHOD THAT ACCOMMODATES 

AIRCRAFT TAKE-OFF WITH AND WITHOUT 
A CABIN PRESSURIZATION SOURCE 

TECHNICAL FIELD 

The present invention relates to aircraft cabin pressure 
control and, more particularly, to a system and method for 
controlling aircraft cabin pressure during a take-off both With 
and Without a cabin pressurization source. 

BACKGROUND 

For a given airspeed, an aircraft may consume less fuel at a 
higher altitude than it does at a loWer altitude. In other Words, 
an aircraft may be more e?icient in ?ight at higher altitudes as 
compared to loWer altitudes. Moreover, bad Weather and tur 
bulence can sometimes be avoided by ?ying above such 
Weather or turbulence. Thus, because of these and other 
potential advantages, many aircraft are designed to ?y at 
relatively high altitudes. 
As the altitude of an aircraft increases, from its take-off 

altitude to its “top of climb” or “cruise” altitude, the ambient 
atmospheric pressure outside of the aircraft decreases. Thus, 
unless otherWise controlled, air could leak out of the aircraft 
cabin causing it to decompress to an undesirably loW pressure 
at high altitudes. If the pres sure in the aircraft cabin is too loW, 
the aircraft passengers may suffer hypoxia, Which is a de? 
ciency of oxygen concentration in human tissue. The 
response to hypoxia may vary from person to person, but its 
effects generally include drowsiness, mental fatigue, head 
ache, nausea, euphoria, and diminished mental capacity. 

Aircraft cabin pressure is often referred to in terms of 
“cabin altitude,” Which refers to the normal atmospheric pres 
sure existing at a certain altitude. Studies have shoWn that the 
symptoms of hypoxia may become noticeable When the cabin 
altitude is above the equivalent of the atmospheric pressure 
one Would experience outside at 8,000 feet. Thus, many air 
craft are equipped With a cabin pressure control system to, 
among other things, maintain the cabin pressure altitude to 
Within a relatively comfortable range (e.g., at or beloW 
approximately 8,000 feet) and alloW gradual changes in the 
cabin altitude to minimize passenger discomfort. 

In addition to a cabin pressure control system, many air 
craft also include an environmental control system (ECS) that 
supplies temperature-controlled ECS air to the aircraft cabin, 
Which also improves passenger comfort. Typically, a ?oW of 
bleed air from one or more of the aircraft engines is supplied 
to the ECS, Which in turn conditions the bleed air and supplies 
the ECS air to the aircraft cabin. The ECS air, When ?oWing 
into the aircraft cabin, Will also pressurize the aircraft cabin 
and cause a change in cabin altitude. Thus, the cabin pressure 
control systems in such aircraft typically include at least an 
out?oW valve and a controller. The out?oW valve is mounted 
on the aircraft bulkhead and, When open, ?uidly communi 
cates the aircraft cabin to the environment outside of the 
aircraft. The controller implements various control laWs and 
supplies appropriate valve control signals to the out?oW valve 
that modulates the position of the out?oW valve. As a result, 
the ECS air supplied to the aircraft cabin is controllably 
released from the aircraft cabin to the environment outside of 
the aircraft to thereby control aircraft cabin altitude. 

In many instances, the aircraft cabin is not pressurized 
(relative to the surrounding environment) When the aircraft is 
on the ground. This alloWs the aircraft doors to be readily 
opened and closed to facilitate personnel ingress to and egress 
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2 
from the aircraft. HoWever, once the aircraft is airborne, the 
cabin is controllably pressurized to attain a cabin altitude, via 
the cabin pressure control system, Working in concert With the 
ECS, and remains controllably pressurized until the aircraft 
lands. 
As may be appreciated, one of the functional goals of many 

cabin pressure control systems is to comfortably control 
cabin altitude during the aircraft take-off rotation. To meet 
this goal, the cabin pressure control system should comfort 
ably control cabin altitude and cabin altitude rate of change as 
the aircraft altitude climbs from the initial take-off altitude, 
While the ?oW of air from the ECS system may be varying. 
One method that has been used to help meet this functional 
goal is to implement logic that pre-pressurizes the aircraft 
cabin (i.e., loWers cabin altitude) prior to take-off rotation. 
Such cabin pre-pressurization may be implemented by sup 
plying ECS air to the cabin and commanding the out?oW to 
the closed position. 

Aircraft cabin pressure control systems, such as the ones 
described above, are robustly designed and manufactured, 
and are operationally safe. Nonetheless, these systems do 
suffer certain drawbacks. For example, in order to pre-pres 
surize the aircraft cabin, engine bleed air is needed so that the 
ECS can supply ECS air to the cabin. HoWever, during the 
take-off roll in some aircraft, bleed air ?oW, and thus ECS air 
?oW, may not be available, since the engines may need this 
additional air to increase engine poWer output. Moreover, if 
ECS air ?oW is not available during the take-off roll, it is 
subsequently reintroduced in order to properly control cabin 
altitude during the ?ight. Thus, the creW and passengers may 
experience tWo potentially uncomfortable and/ or disconcert 
ing changes in cabin altitude (e. g., cabin pressure), com 
monly referred to as “pressure bumps.” If the cabin pressure 
control system is implementing the above-mentioned cabin 
pre-pressurization logic Without ECS air ?oW, the system Will 
command the out?oW valve to its closed (or near closed) 
position. HoWever, since no ECS air is ?oWing into the cabin, 
cabin altitude may rise at the same rate as the aircraft, result 
ing in the ?rst “pressure bump.” Thereafter, upon ECS air ?oW 
reintroduction, the aircraft cabin may begin pres surizing rela 
tively quickly, Which may cause an uncomfortably high cabin 
climb rate and the second “pressure bump.” The cabin pres 
sure control system may additionally overcompensate for the 
high cabin climb rate, resulting in an uncomfortably high 
cabin descent rate. This ?uctuation in cabin altitude rate may 
continue until the cabin pressure control system gains control. 

Hence, there is a need for a cabin pressure control system 
that implements a control scheme that overcomes one or more 
of the above-noted draWbacks. Namely, a cabin pressure con 
trol system and method that at least reduces the magnitudes of 
the pressure bumps that may occur during aircraft take-off 
Without bleed air ?oW and/or accommodates cabin altitude 
control during take-off both With and Without bleed air ?oW. 
The present invention addresses one or more of these needs. 

BRIEF SUMMARY 

The present invention provides a system and method for 
controlling aircraft cabin pressure during aircraft take-off 
rotation both With and Without a cabin pressurization source 

In one embodiment, and by Way of example only, in an 
aircraft having a source of cabin pressurizing ?uid for pres 
surizing an aircraft cabin, a method of controlling altitude in 
the aircraft cabin during aircraft take-off from a take-off 
altitude includes determining Whether the cabin pressurizing 
?uid is ?oWing into the aircraft cabin, and controlling aircraft 
cabin altitude to at least a ?rst predetermined minimum alti 
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tude value below the take-off altitude if the cabin pressuriZing 
?uid is ?owing into the aircraft cabin, or at least a second 
predetermined minimum altitude value above the take-off 
altitude if the cabin pressuriZing ?uid is not ?owing into the 
aircraft cabin. 

In another exemplary embodiment, an aircraft cabin pres 
sure control system includes a controller and an out?oW 
valve. The controller is adapted to receive a signal represen 
tative of Whether cabin pressuriZing ?uid is ?oWing into the 
aircraft cabin and is operable, in response thereto, to deter 
mine a target cabin altitude value and supply valve command 
signals. The out?oW valve is coupled to receive the valve 
command signals from the controller and is operable, in 
response thereto, to selectively move betWeen an open and a 
closed position, to thereby control aircraft cabin altitude to 
the target cabin altitude value. If the cabin pressuriZing ?uid 
is ?oWing into the aircraft cabin, the determined target cabin 
altitude value is at least a ?rst predetermined minimum alti 
tude value beloW the take-off altitude, and if the cabin pres 
suriZing ?uid is not ?oWing into the aircraft cabin, the deter 
mined target cabin altitude value at least a second 
predetermined minimum altitude value above the take-off 
altitude. 

Other independent features and advantages of the preferred 
cabin pressure control system and methodWill become appar 
ent from the folloWing detailed description, taken in conjunc 
tion With the accompanying draWings Which illustrate, by 
Way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a cabin pressure 
control system according to an embodiment of the present 
invention; 

FIG. 2 is a ?oWchart of an exemplary embodiment of the 
control logic that may be implemented by the cabin pressure 
control system of FIG. 1; 

FIG. 3 is a simpli?ed control logic functional block dia 
gram that implements the control logic of FIG. 2, and is 
shoWn in a con?guration When cabin pressuriZing ?uid is 
?oWing into the aircraft cabin; and 

FIGS. 4 and 5 are each simpli?ed control logic functional 
block diagram that implements the control logic of FIG. 2, 
and are shoWn in a con?guration When cabin pressuriZing 
?uid is not ?oWing into the aircraft cabin. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The folloWing detailed description of the invention is 
merely exemplary in nature and is not intended to limit the 
invention or the application and uses of the invention. Fur 
thermore, there is no intention to be bound by any theory 
presented in the preceding background of the invention or the 
folloWing detailed description of the invention. 
A cabin pressure control system according to an exemplary 

embodiment is illustrated in FIG. 1. The system 100 includes 
a controller 102 and an out?oW valve 104. The controller 102 
is adapted to receive various signals from various one or more 
signal sources 106. As Will be described in more detail beloW, 
the controller 102 uses these signals to implement a control 
logic scheme and to supply valve command signals 101 to the 
out?oW valve 104. The position of the out?oW valve 104 
varies in response to the valve command signals 101 to 
thereby control aircraft cabin altitude and aircraft cabin alti 
tude rate of change. 
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4 
The speci?c signal sources 106, and the signals supplied 

therefrom, may vary depending, for example, on the particu 
lar type of control logic that the controller 102 is implement 
ing. For example, the signal sources 106 may include the 
aircraft ?ight management system (FMS), the aircraft avion 
ics equipment, and/or various sensors. In addition, it Will be 
appreciated that one or more of the signal sources 106 may be 
included Within the controller 102. No matter the speci?c 
sources of the signals, in the depicted embodiment, the sup 
plied signals include at least one or more bleed air enable 
signals 103 representative of Whether bleed air is being sup 
plied to the aircraft environmental control system (ECS), one 
or more ?ight signals 105 representative of Whether the air 
craft is in ?ight, one or more signals representative of the 
take-off altitude value 107 (e. g., the altitude from Which the 
aircraft is taking off), one or more signals representative of 
the landing ?eld altitude value 109 (e.g., the altitude of the 
aircraft landing destination), one or more cabin altitude sig 
nals 111 representative of actual cabin altitude, and one or 
more aircraft altitude signals 113 representative of actual 
aircraft altitude. 

Before proceeding further, it Will be appreciated that the 
signals delineated above and depicted in FIG. 1 are merely 
exemplary and that various other signals may be supplied to 
the controller to implement the overall cabin pressure control 
functionality. For example, depending on the speci?c control 
logic being implemented, the controller 102 may additionally 
receive a signal representative of the aircraft’s “top-of-clim ” 
or cruise altitude, and/or a signal representative of cabin-to 
atmosphere differential pressure. 

Returning once again to the description, it is seen that the 
controller 102 includes at least a target cabin altitude circuit 
110, a rate control circuit 112, and memory 114, all intercon 
nected via a communication bus 116. Although, each of these 
circuits is depicted as separate functional blocks, it Will be 
appreciated that any tWo of these circuits, or all three of these 
circuits, could be physically implemented in a single inte 
grated circuit, and/ or may be fully or partially implemented in 
softWare. The individual depiction of each circuit is provided 
solely for additional clarity and ease of description. 
The target cabin altitude circuit 110 receives and processes 

various ones of the signals supplied to the controller 102, and 
supplies various signals to the rate control circuit 112. In 
particular, the target cabin altitude circuit 110 receives the 
bleed air enable signal 103, the ?ight signal 105, the take-off 
altitude value signal 107, the landing ?eld altitude value 
signal 109, the cabin altitude value signal 111, and the aircraft 
altitude value signal 113 from the signal source 108. The 
target cabin altitude circuit 110 implements control logic 
softWare stored in memory 114 to process the received signals 
and to supply at least a target cabin altitude signal 115 to the 
rate control circuit 112. A portion of the control logic soft 
Ware that the target cabin altitude circuit 110 implements Will 
be described in more detail further beloW. 

The rate control circuit 112 receives at least the target cabin 
altitude signal from the target cabin altitude circuit 110. The 
rate control circuit 112 implements control logic softWare 
stored in memory 114 to process these signals and supply the 
valve command signals 101 that Will selectively move the 
out?oW valve 1 04 to control aircraft cabin altitude and aircraft 
altitude rate of change. It Will be appreciated that the valve 
command signals 101 may be supplied directly to the out?oW 
valve 104 or via valve driver circuitry (not illustrated). It Will 
additionally be appreciated that the valve driver circuitry may 
be included as part of the controller 102 or incorporated into 
the out?oW valve 104. 
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Though not depicted, it Will be appreciated that the con 
troller 102 could additionally include one or more signal 
conditioning circuits at either, or both, the input and the 
output of the controller 102. The signal conditioning circuits, 
if included, Would function to, among other things, appropri 
ately condition the signals received by each circuit. For 
example, if one or more of the signals supplied to the con 
troller are analog signals, an input signal conditioning circuit 
Would include analog-to-digital signal (A/ D) conversion cir 
cuitry. Similarly, if the valve command signals 101 supplied 
to the out?oW valve 104 need to be analog signals, an output 
signal conditioning circuit Would include digital-to-analog 
(D/A) conversion. It Will additionally be appreciated that 
either or both the target cabin altitude circuit 110 and the rate 
control circuit 112 could be con?gured With on-board signal 
processing circuitry. 

The out?oW valve 104 includes an inlet ?oW port 120, an 
outlet ?oW port 122, and a variable area ?oW ori?ce 124 
located therebetWeen to regulate ?uid ?oW. The out?oW valve 
104 is, for example, preferably mounted on an aircraft bulk 
head 126 such that the inlet ?oW port 120 is exposed to the 
aircraft cabin 128 and the outlet ?oW port 122 is exposed to 
the atmosphere outside of the aircraft 130. Thus, during ?ight 
the pressure in the aircraft cabin 128 (e.g., cabin altitude), and 
the rate of change of aircraft cabin altitude, can be controlled 
by moving the out?oW valve variable area ?oW ori?ce 124. 

The controller 102, as Was noted above, implements soft 
Ware control logic to supply the valve command signals 101 
to the out?oW valve 104, to thereby control aircraft cabin 
altitude and aircraft cabin altitude rate of change. In particu 
lar, the control logic implements this control both during and 
following aircraft take-off rotation, and both With and Without 
bleed air being supplied to the ECS during aircraft take-off 
rotation. 
As Will be described in more detail, When bleed air is being 

supplied to the ECS, the control logic implemented by the 
controller 102 results in the controller 102 supplying valve 
command signals 101 that cause the out?oW valve 104 to 
move toWard the closed position prior to, and during, aircraft 
take-off rotation. Depending on the speci?c take-off altitude, 
this may be implemented by controlling cabin altitude to a 
predetermined target altitude beloW the take-off altitude. As a 
result, the cabin Will be pre-pressuriZed, at a controlled rate, 
to the predetermined target altitude. Conversely, When bleed 
air is not being supplied to the ECS, the control logic imple 
mented by the controller 102 results in the controller 102 
supplying valve command signals 101 that cause the out?oW 
valve 104 to move toWard the open position prior to, and 
during, aircraft take-off rotation. In order to implement this, 
the cabin altitude is controlled to a predetermined target alti 
tude above the take-off altitude, and a predetermined cabin 
rate limit that is preferably higher than the maximum aircraft 
climb rate is established. Once bleed air is enabled, the con 
trol logic With bleed air takes over and the out?oW valve 104 
is controllably moved, if needed, toWard the closed position. 
Moreover, after a predetermined time period the control logic 
Will con?gure the controller 102 to no longer control to cabin 
altitude to the predetermined target altitude above the take-off 
altitude. 

The control logic that is implemented in the target cabin 
altitude circuit 110 both With and Without bleed air being 
supplied to the ECS signi?cantly reduces the potentially 
uncomfortable and/ or disconcerting pressure bumps 
described above. An exemplary embodiment of a portion of 
this control logic 200 Will noW be described in more detail. In 
doing so, reference should ?rst be made to FIG. 2, Which 
depicts an exemplary embodiment of a portion of the control 
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6 
logic in ?owchart form. Moreover, it should be understood 
that the parenthetical references in the folloWing discussion 
correspond to the ?oWchart blocks shoWn in FIG. 2. 

Initially, the target cabin altitude circuit 110 determines 
Whether or not cabin pressuriZing ?uid is ?oWing into the 
aircraft cabin (e.g., Whetherbleed air ?oW is being supplied to 
the ECS) (202). If cabin pressuriZing ?uid is ?oWing into the 
aircraft cabin, the take-off ?eld altitude value is reduced by a 
predetermined amount (204). The reduced take-off altitude 
value is then compared to an altitude setpoint value to deter 
mine Whether the take-off altitude value is less than the set 
point value (206). If the reduced take-off altitude value is less 
than the setpoint value, the reduced take-off altitude value is 
compared to the landing ?eld altitude value, and the greater of 
the tWo values is selected (208). Thereafter, the selected value 
from the previous comparison is compared to the scheduled 
cabin altitude value, and the greater of the tWo values is 
selected as the target cabin altitude (212). If, hoWever, the 
increased take-off altitude value is not less than the setpoint, 
then the landing ?eld altitude value is compared to the sched 
uled cabin altitude value, and the greater of the tWo values is 
selected as the target cabin altitude (214). In either case, using 
additional convention control logic that is not illustrated or 
further described, the target cabin altitude circuit 110 and the 
rate control circuit 112 then control aircraft cabin altitude to 
the selected target cabin altitude. 

Before describing the control logic 200 When cabin pres 
suriZing ?uid is not ?oWing into the aircraft cabin, it Will be 
appreciated that the scheduled cabin altitude value is the 
desired cabin altitude for the existing aircraft altitude, and is 
determined using control logic that is not depicted or further 
described herein. The control logic that is used to determine 
the scheduled cabin altitude value may be implemented using 
any one of numerous knoWn cabin pressure control logic 
schemes including, but not limited to adaptive control logic, 
reactive control logic, or ?xed-rate control logic. No matter 
Which speci?c control logic type is implemented, it Will be 
appreciated that cabin pressure control system 100 Will con 
trol aircraft cabin altitude While limiting the cabin-to-atmo 
sphere differential pres sure and limiting cabin altitude rate of 
change Within a substantially comfortable range. 

Returning noW to the control logic description, if cabin 
pressuriZing ?uid is not ?oWing into the aircraft cabin, the 
take-off ?eld altitude value is increased by a predetermined 
amount (216). The increased take-off altitude value is then 
compared to an altitude setpoint value to determine Whether 
the take-off altitude value is less than the setpoint value (218). 
If the increased take-off altitude value is less than the setpoint 
value, the increased take-off altitude value is compared to the 
landing ?eld altitude value, and the greater of the tWo values 
is selected (222). Thereafter, the selected value from the 
previous comparison (218) is compared to the scheduled 
cabin altitude value, and the greater of the tWo values is 
selected as the target cabin altitude (222). Thereafter, as 
described above, the target cabin altitude circuit 110 and the 
rate control circuit 112 control aircraft cabin altitude to the 
target cabin altitude using additional convention control 
logic. 

If the increased take-off altitude value is not less than the 
setpoint value, the control logic determines Whether the air 
craft is in ?ight (224). If the aircraft is not in ?ight, the 
previous comparison is repeated until the aircraft is in ?ight. 
It Will be appreciated that this may be determined using any 
one of numerous systems and methods, but is preferably 
determinedusing the aircraft WOW sensor (not shoWn). Once 
the aircraft is in ?ight, the logic determines Whether a prede 
termined time period has lapsed (226). Until the time period 
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has lapsed, the increased take-off altitude value is compared 
to the landing ?eld altitude value, and the greater of the tWo 
values is selected (228). The selected value from the previous 
comparison (228) is compared to the scheduled cabin altitude 
value, and the greater of the tWo values is selected as the target 
cabin altitude (232). When the time period lapses, the landing 
?eld altitude value is compared to the scheduled cabin alti 
tude value, and the greater of the tWo values is selected as the 
target cabin altitude value. Thereafter, as described above, the 
target cabin altitude circuit 110 and the rate control circuit 
112 control aircraft cabin altitude to the target cabin altitude 
using additional convention control logic. 

Turning noW to FIGS. 3-5, an alternative representation of 
the control logic 200, shoWing its con?guration When cabin 
pressuriZing air is and is not ?oWing, is illustrated and Will 
noW be described. Before doing so, hoWever, it is noted that 
the exemplary control logic 200 is, in these alternative repre 
sentations, depicted using various schematic symbols that 
represent physical components. It Will be appreciated that this 
is done for clarity and ease of description, and that the control 
logic could be implemented using one or more of these dis 
crete physical components or it be fully implemented in soft 
Ware. 

Turning ?rst to FIG. 3, it is seen that the control logic 200 
receives at least the bleed air enable signal 103, the ?ight 
signal 105, the take-off altitude value 107, and the landing 
?eld altitude value 109 from the signal sources 106. In addi 
tion, the logic 200 also receives a signal representative of the 
scheduled cabin altitude value 302, Which Was described 
above. The bleed air enable signal 103, as Was previously 
noted, is representative of Whether or not bleed air is being 
supplied to the ECS, and thus Whether or not cabin pressur 
iZing ?uid (e. g., ECS air) is ?oWing into the aircraft cabin. In 
the depicted embodiment, if bleed air is enabled, the signal is 
representative of a logic “1” and if it is not enabled, the signal 
is representative of a logic “0.” Each of these scenarios, and 
the operation of the control logic 200 during each, Will be 
described in turn, beginning ?rst With bleed air being enabled, 
Which is shoWn in FIG. 3. 

If the bleed air enable signal 103 is a logic “1,” meaning 
that bleed air is available, a predetermined negative value 301 
is supplied to a summer circuit 304. The summer circuit 304 
also receives the take-off altitude value 107, and functions to 
sum the tWo values together. Thus, as previously described, 
the take-off altitude value 107 is reduced the predetermined 
amount, thereby supplying a ?rst predetermined minimum 
altitude value 306. This ?rst predetermined minimum altitude 
value 306 is supplied to a ?rst comparison function 308, 
Which compares the ?rst predetermined minimum altitude 
value 306 to the altitude setpoint value 312. If the ?rst prede 
termined minimum altitude value is less than the altitude 
setpoint value 312, the ?rst comparison function 308 supplies 
a logic “1” signal. Conversely, if the ?rst predetermined mini 
mum altitude value is not less than the altitude setpoint value 
312, the ?rst comparison function 308 supplies a logic “0” 
signal. In the depicted example, it is assumed that the ?rst 
predetermined minimum altitude value is less than the alti 
tude setpoint value 312. Before proceeding further, it Will be 
appreciated that the speci?c values chosen for the predeter 
mined negative value 301 and the altitude setpoint value 312 
may vary from, for example, aircraft-type to aircraft-type; 
hoWever, in the depicted embodiment the predetermined 
negative value 301 is —l 50 feet, and the altitude setpoint value 
312 is 8,000 feet. 

Returning noW to the description, it is seen that the bleed air 
enable signal is supplied to a ?rst inverter 314, Which in turn 
supplies an inverted bleed air enable signal 316. Thus, since 
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8 
the bleed air enable signal 103 is a logic “1” signal, the 
inverted bleed air enable signal 316 is a logic “0” signal, 
Which is supplied to a ?rst logic AND gate 318. The ?rst logic 
AND gate 318 has tWo inputs, one that receives the inverted 
bleed air enable signal 316, and another that receives an 
inverted timeout signal 322 from a second inverter 324. The 
second inverter 324 receives a timeout signal 326 from a timer 
circuit 328. The timer circuit 328 is used to establish the 
predetermined time period that Was described above, and Will 
be described in more detail further beloW. In the depicted 
embodiment, the timeout signal 326 is a logic “0” signal and 
the inverted timeout signal 322 is thus a logic “1” signal. Of 
course, no matter the logic level of the inverted timeout signal 
322, the output of the ?rst logic AND gate 318 is a logic “0” 
signal since the inverted bleed air enable signal 316 is a logic 
“0;, 
The output of the ?rst logic AND gate 318 and the output of 

the ?rst comparison function 308 are each supplied to sepa 
rate inputs of a tWo-input logic OR gate 332. Because in FIG. 
3 one of the logic OR inputs is receiving a logic “ l ” signal, the 
logic OR gate 332 Will also supply a logic “1” signal 334. As 
a result, the ?rst predetermined minimum altitude value 306 
is supplied to a second comparison function 336. The second 
comparison function 336 compares the ?rst predetermined 
minimum altitude value 306 to the landing ?eld altitude value 
109 and, as Was noted above, selects the greater of the tWo 
values and supplies a selected altitude value 338 to a third 
comparison function 342. 
The third comparison function 342 functions similar to the 

second comparison function 336 in that it compares to tWo 
input values and selects the greater of the tWo. In the depicted 
embodiment, the third comparison function receives the 
selected altitude value 338 supplied from the second com 
parison function 336 and the scheduled cabin altitude value 
302, and supplies the greater of the tWo values as the target 
cabin altitude signal 345. As previously mentioned, the target 
cabin altitude circuit 110 and the rate control circuit 112, 
based on the target cabin altitude signal 345, control aircraft 
cabin altitude to the target cabin altitude value using addi 
tional convention control logic and circuitry. 

Turning noW to FIG. 4, operation of the control logic 200 
When bleed air is not enabled and the aircraft is not imple 
menting a high altitude take-offWill noW be described. In this 
con?guration, the bleed air enable signal 103 is a logic “0” 
signal. Thus, a predetermined positive value 303 is supplied 
to a summer circuit 304. As With the predetermined negative 
value 301, it Will be appreciated that the speci?c value chosen 
for the predetermined positive value 303 may vary from, for 
example, aircraft-type to aircraft-type; hoWever, in the 
depicted embodiment the predetermined positive value 303 is 
+1 ,000 feet. 
No matter the speci?c value of the predetermined positive 

value 303, the summer circuit 304 sums the predetermined 
positive value 303 and the take-off altitude value 107. Thus, 
the take-off altitude value 107 is increased the predetermined 
amount to a second predetermined minimum altitude value 
402, Which is supplied to the ?rst comparison function 308. 
The ?rst comparison function 308 compares the second pre 
determined minimum altitude value 402 to the altitude set 
point value 312. In FIG. 4, the second predetermined mini 
mum altitude value 402 is less than the altitude setpoint value 
312. Thus, the ?rst comparison function 308 supplies a logic 
“1” signal 404 to both the logic OR gate 332 and to a third 
inverter circuit 344. Because the input to the third inverter 
circuit 344 is a logic “1” signal 404, the third inverter output 
signal 406 is a logic “0” signal, Which is supplied to a second 
logic AND gate 346. 
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The second logic AND gate 346 is coupled to receive not 
only the third inverter output signal 406, but the ?ight signal 
105, as Well. The ?ight signal 105, as noted above, is a signal 
representative of Whether the aircraft is in ?ight. In the 
depicted embodiment, the ?ight signal 105 is a logic “1” 
signal if the aircraft is in ?ight, otherWise it is a logic “0” 
signal. Nonetheless, because the third inverter output signal 
406 is a logic “0” signal, the output of the second logic AND 
gate 346 is a logic “0” signal 408. This means that the timer 
circuit 328 Will not be enabled to run, Which means the 
timeout signal 326 is a logic “0” signal, Which in turn means 
the inverted timeout signal 322 is a logic “1” signal. 
As FIG. 4 also shoWs, because the bleed air enable signal 

103 a logic “0” signal, the inverted bleed air enable signal 316 
is a logic “1” signal. As Was jut noted, the inverted timeout 
signal 322 is a logic “1” signal, Which means that the ?rst 
logic AND gate 318 supplies a logic “1” signal to the logic OR 
gate 332. In FIG. 4, both of the logic OR inputs are receiving 
logic “1” signals. Thus, the logic OR gate 332 supplies a logic 
“1” signal 334. This results in the second predetermined 
minimum altitude value 402 being supplied to the second 
comparison function 336. The second comparison function 
336 compares the second predetermined minimum altitude 
value 402 to the landing ?eld altitude value 109, selects the 
greater of the tWo values, and supplies the selected altitude 
value 338 to the third comparison function 342. The third 
comparison function 342 in turn compares the selected alti 
tude value 338 and the scheduled cabin altitude value 302, 
and supplies the greater of the tWo values as the target cabin 
altitude signal 115. 

With reference noW to FIG. 5, operation of the control logic 
200 When bleed air is not enabled and the aircraft is imple 
menting a high altitude take-offWill noW be described. It Will 
be appreciated that the term “high altitude take-off’ may vary 
from aircraft-type to aircraft-type. HoWever, as used herein it 
refers to a take-off from a take-off altitude that is greater than 
or equal to the altitude setpoint value 312. During this sce 
nario, the bleed air enable signal 103 is again a logic “0” 
signal, Which means the predetermined positive value 303 is 
supplied to the summer circuit 304, and the second predeter 
mined minimum altitude value 402 is supplied to the ?rst 
comparison function 308. The ?rst comparison function 308 
in turn compares the second predetermined minimum altitude 
value 402 to the altitude setpoint value 312. 

In FIG. 5, the second predetermined minimum altitude 
value 402 is not less than the altitude setpoint value 312. Thus, 
the ?rst comparison function 308 supplies a logic “0” signal 
404 to the logic OR gate 332, the third inverter circuit 344, 
and a “reset” input of the timer circuit 328. Because the input 
to the third inverter circuit 344 is a logic “0” signal 404, the 
third inverter output signal 406 is a logic “1” signal, Which is 
supplied to the second logic AND gate 346. As noted above, 
the second logic AND gate 346 is also coupled to receive the 
?ight signal 105. Thus, until the aircraft is in ?ight, the control 
logic 200 is otherWise con?gured, and operates substantially 
identical, to the control logic 200 depicted in FIG. 4. HoW 
ever, once the aircraft is in ?ight, the ?ight signal 105 
becomes a logic “1” signal. This means that the output of the 
second logic AND gate 346 becomes a logic “1” signal 408, 
Which enables the timer circuit 328 to run. 

The timer circuit 328, once it is enabled to run, Will do so 
for a predetermined time period 412. While the timer circuit 
328 is running, the timeout signal 326 is a logic “0” signal. 
When the timer circuit 328 times out after the predetermined 
time period, the timeout signal 326 then transitions to a logic 
“1” signal. It Will thus be appreciated that until the timer 
circuit 328 times out folloWing the predetermined time 
period, the control logic 200 continues to operate substan 
tially identical to the control logic 200 depicted in FIG. 4. It 
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10 
Will be appreciated that the predetermined time period 412 is 
a time value that may vary from, for example, aircraft-type to 
aircraft-type, and may be either a set value established in 
softWare or a variable value set by the pilot. In the depicted 
embodiment, hoWever, the predetermined time period 412 is 
a ?xed value that is set to about 90 seconds. This ensures that 
the control logic 200 Will alloW the controller 102 to com 
mand the out?oW valve 104 to move to the closed position at 
least after the predetermined time period has lapsed, even if 
bleed air has not been enabled. 
Once the predetermined timer period has lapsed, the tim 

eout signal 326 becomes a logic “1” signal, Which means the 
inverted timeout signal 322 becomes a logic “0” signal. Thus, 
no matter the state of the inverted bleed air enable signal 316, 
the ?rst logic AND gate 318 supplies a logic “0” signal to the 
logic OR gate 332. This means that both of the logic OR 
inputs are receiving logic “0” signals, resulting in the logic 
OR gate 332 supplying a logic “0” signal 334. With the logic 
OR gate supplying a logic “0” signal, the second comparison 
function 336 receives the landing ?eld altitude value 109 on 
both of its inputs. Thus, the selected altitude value 338 sup 
plied to the third comparison function 342 is alWays the 
landing ?eld altitude value 109. This in turn means that the 
target cabin altitude signal 345 supplied by the third compari 
son function 342 is the greater of the landing ?eld altitude 
value 109 and the scheduled cabin altitude value 302. 
The control logic 200 implemented in the target cabin 

altitude circuit 110 and described herein signi?cantly reduces 
potentially uncomfortable and/ or disconcerting pressure 
bumps that can occur during aircraft take-off rotation, both 
With and Without bleed air being supplied to the ECS. 

While the invention has been described With reference to a 
preferred embodiment, it Will be understood by those skilled 
in the art that various changes may be made and equivalents 
may be substituted for elements thereof Without departing 
from the scope of the invention. In addition, many modi?ca 
tions may be made to adapt to a particular situation or material 
to the teachings of the invention Without departing from the 
essential scope thereof. Therefore, it is intended that the 
invention not be limited to the particular embodiment dis 
closed as the best mode contemplated for carrying out this 
invention, but that the invention Will include all embodiments 
falling Within the scope of the appended claims. 

We claim: 
1. In an aircraft having a source of cabin pressuriZing ?uid 

for pressuriZing an aircraft cabin, a computer readable 
medium for setting a target cabin altitude in the aircraft cabin 
during and after aircraft take-off from a take-off altitude, 
comprising: 
program code for determining Whether the cabin pressur 

iZing ?uid is ?oWing into the aircraft cabin; 
program code for setting the target cabin altitude to (i) at 

least a ?rst predetermined minimum altitude value 
beloW the take-off altitude if the cabin pressuriZing ?uid 
is ?oWing into the aircraft cabin or (ii) at least a second 
predetermined minimum altitude value above the take 
off altitude if the cabin pressuriZing ?uid is not ?oWing 
into the aircraft cabin; and 

program code for determining a landing ?eld altitude 
value, the landing ?eld altitude value corresponding to 
an altitude of a landing destination of the aircraft; 

program code for determining actual aircraft altitude; 
program code for determining a scheduled cabin altitude 

value based on the determined actual aircraft altitude; 
program code for comparing the landing ?eld altitude 

value to the ?rst predetermined minimum value to deter 
mine Which is larger in value; 

program code for comparing the larger of the landing ?eld 
altitude value and the ?rst predetermined minimum alti 
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tude value to the scheduled cabin altitude value to deter 
mine Which is largest in value; and 

if the cabin pressuriZing ?uid is ?owing into the aircraft 
cabin, program code for controlling air ?oW through an 
out?oW valve to set the target cabin altitude to the alti 
tude value that is largest in value, 

Wherein the target cabin altitude corresponds to a desired 
cabin altitude. 

2. The computer readable medium of claim 1, further com 
prising: 

program code for comparing the landing ?eld altitude to 
the second predetermined minimum value to determine 
Which is larger in value; 

program code for comparing the larger of the landing ?eld 
altitude and the second predetermined minimum alti 
tude value to the scheduled cabin altitude value to deter 
mine Which is the largest in value; and 

program code for setting the target cabin altitude to the 
altitude that is largest in value, if the cabin pressuriZing 
?uid is not ?oWing into the aircraft cabin. 

3. The computer readable medium of claim 1, further com 
prising: 

program code for determining a landing ?eld altitude, the 
landing ?eld altitude corresponding to an altitude of a 
landing destination of the aircraft; 

program code for determining if the aircraft is in ?ight; 
program code for determining if the take-off altitude is 

above an altitude setpoint value; and 
program code for setting the target cabin altitude to at least 

the landing ?eld altitude for a predetermined time period 
after determining the aircraft is in ?ight, Whether or not 
the cabin pressuriZing ?uid is ?oWing into the aircraft 
cabin. 

4. The computer readable medium of claim 3, further com 
prising: 

program code for determining actual aircraft altitude; 
program code for determining a scheduled cabin altitude 

value based on the determined actual aircraft altitude; 
program code for comparing the landing ?eld altitude to 

the scheduled cabin altitude value to determine Which is 
largest in value; and 

program code for setting the target cabin altitude to the 
altitude value that is largest in value. 

5. The computer readable medium of claim 1, further com 
prising: 

program code for automatically controlling aircraft cabin 
altitude rate of change to a predetermined rate magni 
tude until the target cabin altitude value is attained. 
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6. The computer readable medium of claim 5, Wherein: 
the aircraft cabin altitude is con?gured to climb at a pre 

determined climb rate; and 
the predetermined rate magnitude is limited to a value 

greater than the predetermined climb rate. 
7. In an aircraft having a source cabin pressuriZing ?uid for 

pressuriZing an aircraft cabin, a computer readable medium 
for setting a target cabin altitude in the aircraft cabin during 
and after aircraft take-off from a take-off altitude, compris 
ing: 
program code for determining Whether the cabin pressur 

iZing ?uid is ?oWing into the aircraft cabin; 
program code for determining a landing ?eld altitude 

value, the landing ?eld altitude value corresponding to 
an altitude of a landing destination of the aircraft; 

program code for determining actual aircraft altitude; 
program code for determining a scheduled cabin altitude 

value based on the determined actual aircraft altitude; 
program code for; 

(i) comparing the landing ?eld altitude value to a ?rst 
predetermined minimum altitude value to determine 
Which is larger in value, the ?rst predetermined mini 
mum altitude 

(ii) comparing the larger of the landing ?eld altitude 
value and the ?rst predetermined minimum altitude 
value to the scheduled cabin altitude value to deter 
mine Which is largest in value, and 

(iii) setting the target cabin altitude to the altitude value 
that is largest in value, if the cabin pres suriZing ?uid is 
?oWing into the aircraft cabin; and 

program code for; 
(i) comparing the landing ?eld altitude to a second pre 

determined minimum altitude value to determine 
Which is larger in value, 

(ii) comparing the larger of the landing ?eld altitude and 
the second predetermined minimum altitude value to 
the scheduled cabin altitude value to determine Which 
is largest in value, and 

(iii) setting the target cabin altitude to the altitude value 
that is largest in value, if the cabin pres suriZing ?uid is 
not ?oWing into the aircraft cabin; and 

Wherein the step of setting the target cabin altitude com 
prises controlling air ?oW through an out?oW valve, 

Wherein the target cabin altitude corresponds to a desired 
cabin altitude, the ?rst predetermined minimum altitude 
value is beloW the take-off altitude, and the second pre 
determined minimum altitude value is above the take-off 
altitude. 


